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U-Th-Pb rnonazite dating by electron microprobe has been applied to three peralurnrnous granitic intrusions of the western Montes de Toledo 
batholith (MTB). Back scattered electron images of rnonazite crystals reveal a variety of internal textures: patchy zoning, overgrowths around 
older cores and unzoned crystals. On the basis of their zoning pattern and chemical composition, two rnonazite domains can be distinguished: 
(1) corroded cores and crystals with patchy zoning, exhibiting relatively constant Tb/U ratios and broadly older ages, and (2) unzoned grains 
and rnonazite rims, with variable Th/U ratios and younger ages. The first rnonazite group represents inherited domains from metamorphic 
sources, which accounts for pre-magmatic monazite growth events. Two average ages from Torrico and Belvis de Monroy granites 
(333 ± 18 and 333 ± 5 Ma, respectively) relate these cores to a Visean extensional deformation phase. The second group represents igneous 
monazites which have provided the following crystallization ages for the host granite: 298 ± 11 Ma (Villar del Pedroso), 303 ± 6 Ma (Torrico) 
and 314± 3Ma(Belvis de Monroy). Two main magmatic pulses, the first about 314Ma and the second at the end of the Carboniferous 
(303-298 Ma), might be envisaged in the western MTB. While Belvis de Monroy leucogranite is likely a syn- to late-tectonic intrusion, 
the Villar del Pedroso and Torrico pIu tons represent post-tectonic magmas with emplacement ages similar to those of equivalent 
intrusions from nearby Variscan magmatic sectors. 
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1. INTRODUCTION 
U-Th-Pb chemical dating is a potentially valuable method 
in monazite-bearing rocks because this mineral meets the 
fundamental conditions required to apply this procedure: 
(1) monazite is a U-Th-rich phase, (2) all Pb is radiogenic 
(or the initial Pb is negligible), (3) its closure temperature 
has proved to be fairly high (up to 900"C according to Braun 
et aI., 1998), and (4) the system usually remains closed. The 
last condition relies on the great resistance of monazite to ra­
diation damage effects (as compared with zircon; e.g. Meldrum 
et aI., 1998) and its low Pb diffusion rates (e.g. Cherniak et aI., 
2004). 
Although monazites frequently yield concordant ages in 
the U-Pb system without evidence of Pb loss, this mineral 
normally exhibits complex internal structures with variable 
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zoning patterns when viewed in back-scattered electron (BSE) 
images (e.g., Zhu et aI., 1997; Bingen and van Breemen, 
1998). Significant differences in chemical composition and 
age can be observed between these zones. Thus, rnicroanalyti­
cal techniques are an appropriate way to study magmatic and 
polymetamorphic events registered in monazites with complex 
zoning textures. 
Several works have demonstrated that U-Th-Pb dating of 
monazite using the electron microprobe is an accurate in situ 
method of geochronology (e.g. Suzuki and Adachi, 1991; 
Montel et aI., 1996; Williams and lercinovic, 2002). This 
technique has been successfully applied to rocks recording 
several monazite growth events in samples from polymeta­
morphic terranes (e.g. Cocherie et aI., 1998; Williams 
et al., 1999), and it has also been used to constrain the 
geochronology of magmatic events (e.g. Be Mezeme et aI., 
2006). Moreover, numerous studies have documented the 
survival of restitic monazite in granitic melts (e.g. Harrison 
et aI., 1995). The advantages of this technique are its high 
spatial resolution (generally in the range 2-5 flm), the possi­
bility to obtain rapidly a large number of ages and to get age 
constraints from samples in which textural information is 
crucial. On the other hand, its limitations are related to its 
rather poor precision regarding D, Th and Pb determination. 
The analytical error frequently ranges from ±45 to ±120 Ma 
for ages of 300 to 3000Ma, respectively. However, statisti­
cal treatment of sets of homogeneous ages helps lower this 
uncertainty to ±20-30Ma. 
For the present study, we have analyzed several monazite 
crystals from three samples representing Variscan peraluminous 
granitic intrusions from the Montes de Toledo batholith (MTB), 
in central Spain. No precise geocbronology data have been de­
termined in this magmatic region, whereas several granitic plu­
tons from the nearby Spanish Central System (SCS) have been 
recently dated (Zeck et aI., 2007; Diaz-Alvarado et aI., 2011; 
Orejana et aI., mstitute of Geosciences, Madrid, Spain, 
unpublished results). Orejana et al., mstitute of Geosciences, 
Madrid, Spain, unpublished results have found that plutons from 
western SCS are slightly older than those from its eastern sector. 
Our study on the geocbronology of granites from the MTB will 
provide the first data regarding the crystallization age of the west­
ern sector of this batholith, and will serve to better constrain the 
temporal scale of Variscan felsic magmatism in central Spain. 
A detailed examination of monazite internal zonation, 
taken together with the differences observed in chemical 
composition and age, allow us to gather the resulting 
analyses in homogeneous groups. When possible, we have 
applied the calculation scheme of Cocherie and Albarede 
(2001) to obtain the mean age for each homogeneous group 
with the aim of reducing the associated uncertainty. The 
main objectives of this work are (1) to provide precise crys­
tallization ages for three granitic intrusions from the western 
MTB, and put this data in the geological context of the 
abundant late Variscan magmatism outcropping in the inner 
part of the Iberian Massif, and (2) discuss the geological 
meaning of possible inherited monazite domains. 
2. GEOLOGICAL SETTING 
The Montes de Toledo batholith is included in the Central 
Iberian Zone (ClZ), which is the innermost part of the Iberian 
Variscan Belt (Figure lA). It is composed of -20 Variscan in­
trusive units which configure an E-W linear array that is ap­
proximately 200 km long and 20 km wide (Figure 1B). The 
central part of this batholith is mostly covered by Triassic sedi­
ments and Cenozoic coarse-grained alluvial fans. The best 
outcrops are thus located in the eastern and western areas. 
These felsic magmas were emplaced into low-grade 
Neoproterozoic and Lower Palaeozoic metasedimentary 
rocks, giving rise to large contact metamorphic aureoles. 
The metamorphic units constitute a thick (>4000 m) sequence 
of alternating sandstone and shale with interbedded 
conglomerate, calcareous mudstone and limestone of the 
so called "Schist-Greywacke Formation". The MTB 
cross-cut a set of open antiforms and synforms associated 
with the Variscan DI compressional event during the 
Upper Devonian-Late Carboniferous (e.g. Abalos et al., 
2002 and references therein). The following D2 deforma­
tion phase, which is characterized by large-scale exten­
sional structures developed during the collapse of the 
thickened continental crust, is poorly represented in this area. 
D-Pb ages on monazite from metamorphic rocks cropping 
out in the Central Iberian Zone (ClZ) have established a 
Visean to Naruurian age for this event (337-326Ma; 
Valverde-Vaquero et aI., 1995; Escuder-Viruete et aI., 
1998). Though scarce, a conjugate system of NW-SE to 
NNW-SSE !rending strike-slip dextral shear zones related to 
the last ductile deformarion phase (D3) has been described 
(Abalos et aI., 2002). The age of this latter deformarion event 
has been constrained at -320-310 Ma (Dias et al., 1998). The 
granitic bodies from eastern MTB are separated to the north 
from a high-grade metaruorphic area composed of migmari­
tic rocks (the Anatectic Complex of Toledo, ACT) by a 
brittle-ductile shear zone (Hernandez Emile, 1991). 
According to their modal composition, these plutons can 
be classified mainly as monzogranite, with minor propor­
tions of granodiorite and leucogranites (e.g. Andonaegui, 
1990; Andonaegui and Villaseca, 1998; Villaseca et aI., 
1998, 2008); all of them of peraluminous composition. 
Recently, the batholith has been subdivided in two sectors 
(eastern and western) on the basis of several chemical differ­
ences (Villaseca et al., 2008). These include higher P20" Rb 
and initial ENd, and lower CaO and 2°''pb;204p�208Pb;204Pb 
ratios, in plutons from the western segment. The contrasted 
chemical features between both areas have been related to 
differences in the source rocks. It has been proposed that 
intrusions from the eastern sector are derived from melting 
of felsic metaigneous protoliths (within the lower crust) with 
a different composition when compared with outcropping 
metamorphic rocks (Villaseca et al., 1998, 1999). By 
contrast, the western MTB would be linked with melting 
of metasedimentary (a mixture of pelites and greywackes) 
rocks equivalent to those of the regional Neoproterozoic 
formations (Villaseca et aI., 2008). This hypothesis is further 
corroborated by the more pronounced peraluminous nature 
of granites from the western sector. 
There are no detailed geocbronology studies on the late 
Variscan MTB felsic magmatism. Only one post-tectonic 
pluton from the eastern sector (Mora-Las Ventas) has been 
dated by Andonaegui (1990), providing an age of 
320 ± 8 Ma (whole-rock Rb-Sr isocbron). Nevertheless, this 
data should be taken with caution, as it is in contradiction 
with the ages proposed for the D3 Variscan ductile deforma­
tion phase (325-313 Ma; e.g. Dias et al., 1998; Fernandez­
Suarez et aI., 2000). Further dating investigations in this 
region are limited to anatectic leucogranites and restite-rich 
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granites from the Anatectic Complex of Toledo (ACT), where 
different ages has been established as the most probable for the 
migmatization (�311 Ma by Barbero and Rogers, 1999; 
�317Ma by Castifieiras et aI., 2008; and �332Ma by Bea 
et aI., 2006). Other anatectic regions from central Spain have 
provided migrnatization ages in the range 337-330 Ma (Bea 
et aI., 2006; Castifieiras et aI., 2008). Recent studies focused 
on constraining the age of magmatism in nearby plutonic 
regions are those from the Spanish Central System batholith 
(Zeck et aI., 2007; Diaz-Alvarado et aI., 2011; Villaseca 
et aI., 2011; Orejana et aI., unpublished results) and intrusions 
from southern Central Iberian Zone (Carracedo et aI., 2005, 
2009; Sola et aI., 2009). Ages extracted by these authors for 
post-tectonic intrusions are all concentrated in the narrow range 
309-297 Ma. However, some local differences have been 
found in the Spanish Central System, where plutons from its 
eastern sector are slightly younger than those from western 
SCS. 
The present study is focused on three intrusions from the 
western sector of the MTB (Villar del Pedroso, Torrico and 
Belvis de Monroy), and can be considered the first approxi­
mation to the age of this Variscan magmatism in the MTB 
using precise analytical methods. 
3. GRANITES DESCRIPTION 
3.1. Villar del Pedroso 
This intrusion can be classified as a biotite monzogranite, 
with muscovite, pinnitized cordierite, andalusite, tourmaline, 
apatite, zircon and monazite as the main accessory phases. 
Most of the pIuton consists of a porphyritic fades with 
K-feldspar phenocrysts displaying a large size in the range 
3-5 cm (Figure 2A). The concentration of phenocrysts 
decreases significantly in the boundaries of the granite. 
Two different fades of minor extent can be described in the 
southern margin of this intrusion: (l) a tounnaline-rich fine­
to medium-grained monzogranite, occasionally showing 
porphyritic texture, and (2) a biotite-free aplitic leucogranite. 
All the lithological units described above have restitic 
enclaves, and metasedimentary xenoliths (Figure 2A). Mona­
zites are euhedral to subhedral yellowish grains, and have 
been taken from the porphyritic central facies (sample N67). 
They are usually included within quartz, muscovite, biotite, 
K-feldspar and plagioclase. 
3.2. Torrico 
This pluton can be classified as an inequigranular medium­
grained porphyritic biotite monzogranite. It is characterized 
by large K-feldspar phenocrysts (up to 8 cm), the presence 
of metamorphic xenoliths and a high abundance of mafic 
micro granular enclaves (Figure 2B). Common accessory 
minerals are apatite, rutile, ilmenite, zircon and monazite. 
The analyzed monazite grains have a pale yellow colour, 
euhedral to subhedral morphology, and are mainly included 
in K-feldspar, plagioclase, muscovite and biotite. 
3.3. Belvis de Monroy 
Two different leucogranitic facies can be distinguished 
within this pluton on the basis of grain size and biotite 
content (l) a medium- to coarse-grained biotite-muscovite 
leucogranite, occasionally porphyritic, with similar propor­
tions of both micas, which is the most abundant type and 
occupies the inner part of the intrusion, and (2) a marginal 
coarse-grained muscovite leucogranite with accessory bio­
tite. Biotite and muscovite may occur as isolated crystals 
or aggregates, or be associated with sillimanite. Both facies 
show heterogeneously distributed deformation structures 
(localized extensional shear bands) (Figure 2C) and a well 
defined magmatic foliation (Figure 2D). Late-stage segrega­
tions (e.g. pegmatite veinlets and cordierite-rich nodular 
aplogranitic veins) cross-cut the granite foliation, suggesting 
a late-tectonic emplacement. Restites and metapelitic 
xenoliths are uncommon, but they can be found in the inner 
facies of the pluton. Accessory phases common to both 
leucogranites are altered cordierite, tourmaline, apatite, 
sillimanite, zircon, monazite, xenotime and Fe-oxides (rutile 
and ilmenite). Moreover, the outer zone is characterized by 
an exotic suite of accessory minerals such as Fe-Mn-rich 
apatite, gafinite (Zn-spinel), chrysoberyl, beryl and a large 
number of AI-Fe-Mn--(;a-rich phosphates (e.g. childrenite). 
Monazites are pale green euhedral to subhedral crystals, 
commonly included in muscovite, quartz, K-feldspar or 
plagioclase. The analyzed grains were taken from the inner 
zone (sample NlO). 
The above mineral paragenesis is in accordance with the 
high silica content of this pluton (Si02> 74 wt%) and its 
perphosphorous character (P20, = 0.63-0.85 wt%) (Villaseca 
et aI., 2008). It is worth noting that the sample considered 
for the present study (NlO) shows a strong enrichment in U 
(up to 13.5 ppm; Villaseca et aI., 2008), mainly hosted in 
the Zr-Y -REE rich accessory phases (e.g. monazite and 
xenotime; Perez-Soba et aI., 2009). 
4. ANAL YTlCAL METHOD 
After standard separation techniques, a representative selec­
tion of monazite grains from each sample was hand-picked 
and mounted in epoxy resin to obtain cross-sections. Major 
and minor element analyses of these crystals were obtained 
using a CAMECA SX-lOO electron microprobe at the 
University of Oviedo (Spain). The analytical procedure is 
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as follows: an accelerating voltage of 25kV and a beam 
current of 100nA foc P, Al, Si, Ca, Y, La, Ce, Pr, Nd, Srn, 
Gd, Th, Dy, Ho, Bc, Yb and 200nA foc Pb, Th and U; a 
counting time (peak + background) of 600s foc Pb, 360s 
for U and Th, and 120 s for all the other elements. Accocding 
to this proooJure, the calculat&:! detectioo limit (20") is 
150ppmfoc Pb and U, whereupoo the absolute error is taken 
as 150 ppm. A systematic relative erroc o f 2 %  is assumoo foc 
Th, and also foc U concentrations above 7500ppm to avoid 
an unrealistic low error for U-enrichoo grains. 
The standards were crocoite (PbCrO,;) foc Pb, uraninite 
(U02) foc U, thorianite (Th02) for Th, end-member synthetic 
phosphates (XPO,;) foceach rare-earth element (REE) and Y, 
apatite foc P and Ca, and garnet foc Si and Al. 
Treatment of individual analyses and isochroo mean age 
calculatioos have been perlonnoo using the EPMA dating 
software (pommier et aI., 2002), a Microsoft Excel add-in 
program foc detmnining U-Th-Pb,.,ul ages from micro­
probe measurements. This program follows the method by 
Cocherie and Albarede (2001), providing an age foc each 
individual analysis and also all the parameters neoooo foc 
calculating mean and intercept ages (see Table 1). These 
parameters have been plotted with the ISOPLOT program 
ofLudwig (2003) to obtain statistics from suitable diagrams. 
The EPMA dating program allows the calculation of (1) 
mean ages and UTOCS from the slope of a Pb vs. Th� diagram 
(Suzuki and Adachi, 1991), (2) the U-Th-Pb age at the 
centroid of the best fit line, and (3) the Th-Pb and U-Pb 
intercept ages from the 'ThIPb vs. UfPb diagram. All ages 
are given with absolute UTOCS, and calculatioos are done at  
2"level. The intercept of the regressioo line with the Pb axis 
in the Pb vs. Th* diagram has no significance in tmns of 
commoo lead oc Pb loss, but it can lead to miscalculatioos 
of the slope when the points are gathered in a limit&:! field 
Table 1. Analytical data for monazites from MTB granites 
Age2 Error U Error Tb Error Pb Error Tb* Error Error Error 
Analysis} (Ma) (Ma) (ppm) (%) (ppm) (%) (ppm) (%) (ppm) (%) UlPb (%) TbIPb (%) Corr3 Th/U 
Villar del Pedroso (N67) 
2 327 53 3098 4.84 64 061 2.00 1082 13.86 74 139 2.39 2.863 18.71 59.206 15.86 0.934 20.68 
3 276 47 0 100 80 312 2.00 990 15.15 80 312 2.00 0.000 100 81.123 17.15 0.149 0.00 
4 333 57 332 45.18 69145 2.00 1047 14.33 70 226 2.66 0.317 59.51 66.041 16.33 0.299 208 
5 298 55 77 100 69016 2.00 922 16.27 69266 2.35 0.084 100 74.855 18.27 0.159 896 
6 300 53 94 100 72 479 2.00 974 15.40 72 784 2.41 0.097 100 74.414 17.40 0.151 771 
7 294 58 327 45.87 66324 2.00 886 16.93 67 385 2.69 0.369 62.80 74.858 18.93 0.344 203 
8 231 76 419 35.80 47178 2.00 500 30.00 48 531 2.94 0.838 65.80 94.356 32.00 0.641 113 
9 257 45 2172 6.91 80050 2.00 999 15.02 87078 2.40 2.174 21.92 80.130 17.02 0.901 36.86 
10 335 49 1470 10.20 77 790 2.00 1238 12.12 82 575 2.48 1.187 22.32 62.835 14.12 0.755 52.92 
11 327 48 1720 8.72 78099 2.00 1223 12.26 83 694 2.45 1.406 20.99 63.859 14.26 0.804 45.41 
12 267 56 55 100 67260 2.00 803 18.68 67 438 2.26 0.068 100 83.761 20.68 0.183 1223 
13 321 43 2689 5.58 85262 2.00 1348 11.13 94005 2.33 1.995 16.71 63.251 13.13 0.880 31.71 
14 275 54 870 17.24 69048 2.00 882 17.01 71867 2.60 0.986 34.25 78.286 19.01 0.697 79.37 
15 336 53 810 18.52 72546 2.00 1128 13.30 75 183 2.58 0.718 31.82 64.314 15.30 0.577 89.56 
16 241 59 979 15.32 60524 2.00 685 21.90 63 688 2.66 1.429 37.22 88.356 23.90 0.816 61.82 
(17) 341 21 55274 2.00 51745 2.00 3507 4.28 231739 2.00 15.761 6.28 14.755 6.28 0.821 0.94 
18 294 45 534 28.09 87 130 2.00 1165 12.88 88863 2.51 0.458 40.97 74.790 14.88 0.412 163 
19 345 53 0 100 72 681 2.00 1120 13.39 72 681 2.00 0.000 100 64.894 15.39 0.131 0.00 
20 284 39 430 34.88 102379 2.00 1317 11.39 103 773 2.44 0.326 46.27 77.737 13.39 0.306 238 
21 247 56 1213 12.37 64098 2.00 749 20.03 68020 2.60 1.619 32.39 85.578 22.03 0.847 52.84 
22 273 51 933 16.08 72 878 2.00 925 16.22 75 901 2.56 1.009 32.29 78.787 18.22 0.705 78.11 
23 263 59 510 29.41 62 603 2.00 753 19.92 64254 2.70 0.677 49.33 83.138 21.92 0.558 123 
24 320 79 171 87.72 47 812 2.00 692 21.68 48368 2.99 0.247 100 69.092 23.68 0.239 280 
26 296 59 868 17.28 62 909 2.00 870 17.24 65726 2.65 0.998 34.52 72.309 19.24 0.702 72.48 
27 323 49 4171 3.60 66 250 2.00 1149 13.05 79 814 2.27 3.630 16.65 57.659 15.05 0.953 15.88 
(28) 366 35 16704 2.00 66 574 2.00 1973 7.60 121072 2.00 8.466 9.60 33.743 9.60 0.935 3.99 
(29) 97 103 3207 4.68 741 20.24 47 100 10 997 5.73 68.234 100 15.766 100 0.979 0.23 
(30) 41 43 1362 11.01 45259 2.00 91 100 49 597 2.79 14.967 100 497.35 100 0.994 33.23 
31 328 122 3065 4.89 19998 2.00 438 34.25 29969 2.96 6.998 39.14 45.658 36.25 0.988 6.52 
Torrieo (N111) 
1 H 270 40 2526 5.94 91201 2.00 1198 12.52 99 383 2.32 2.109 18.46 76.128 14.52 0.892 36.10 
2 C 341 46 11903 2.00 47121 2.00 1306 11.49 85 884 2.00 9.114 13.49 36.080 13.49 0.971 3.96 
3 C 359 47 11189 2.00 47072 2.00 1336 11.23 83 558 2.00 8.375 13.23 35.234 13.23 0.969 4.21 
4 H 315 38 2904 5.17 98225 2.00 1515 9.90 107663 2.28 1.917 15.07 64.835 11.90 0.869 33.82 
5 H 314 42 1907 7.87 91273 2.00 1366 10.98 97 470 2.37 1.396 18.85 66.818 12.98 0.800 47.86 
6 C 471 50 11157 2.00 45327 2.00 1726 8.69 82025 2.00 6.464 10.69 26.261 10.69 0.950 4.06 
7 C 297 45 12346 2.00 45720 2.00 1133 13.24 85 790 2.00 10.897 15.24 40.353 15.24 0.978 3.70 
8 H 272 42 1765 8.50 88369 2.00 1140 13.16 94087 2.39 1.548 21.66 77.517 15.16 0.830 50.07 
9 H 301 47 1441 10.41 79285 2.00 1128 13.30 83963 2.47 1.277 23.71 70.288 15.30 0.779 55.02 
10 H 283 55 2300 6.52 62 083 2.00 879 17.06 69 540 2.48 2.617 23.59 70.629 19.06 0.928 26.99 
11 C 350 56 4308 3.48 55356 2.00 1085 13.82 69395 2.30 3.971 17.31 51.019 15.82 0.960 12.85 
12 H 284 33 5484 2.74 106372 2.00 1570 9.55 124153 2.11 3.493 12.29 67.753 11.55 0.941 19.40 
13 C 323 44 5007 3.00 74392 2.00 1307 11.48 90 675 2.18 3.831 14.47 56.918 13.48 0.953 14.86 
14 C 314 52 0 100 73019 2.00 1025 14.63 73 019 2.00 0.000 100 71.238 16.63 0.143 0.00 
15 C 352 44 5880 2.55 72207 2.00 1437 10.44 91371 2.12 4.092 12.99 50.248 12.44 0.954 12.28 
16 H 313 31 9419 2.00 102 766 2.00 1862 8.06 133373 2.00 5.059 10.06 55.191 10.06 0.942 10.91 
17 H 290 39 1842 8.14 99160 2.00 1363 11.01 105135 2.35 1.351 19.15 72.751 13.01 0.791 53.83 
18 H 278 45 1246 12.04 83437 2.00 1087 13.80 87475 2.46 1.146 25.84 76.759 15.80 0.746 66.96 
19 H 305 42 1965 7.63 89576 2.00 1305 11.49 95 957 2.37 1.506 19.13 68.641 13.49 0.821 45.59 
20 H 294 38 3404 4.41 97 380 2.00 1421 10.56 108425 2.25 2.395 14.96 68.529 12.56 0.907 28.61 
21 H 312 48 1046 14.34 81021 2.00 1176 12.76 84420 2.50 0.889 27.10 68.895 14.76 0.657 77.46 
22 H 286 36 5877 2.55 93626 2.00 1435 10.45 112684 2.09 4.095 13.01 65.245 12.45 0.954 15.93 
23 H 315 39 6650 2.26 81 182 2.00 1444 10.39 102795 2.05 4.605 12.64 56.220 12.39 0.960 12.21 
24 H 272 37 5399 2.78 90738 2.00 1313 11.42 108228 2.13 4.112 14.20 69.107 13.42 0.957 16.81 
25 H 261 44 8310 2.00 58 990 2.00 999 15.02 85 889 2.00 8.318 17.02 59.049 17.02 0.983 7.10 
26 H 310 53 1804 8.31 68164 2.00 1026 14.62 74025 2.50 1.758 22.93 66.437 16.62 0.861 37.78 
27 H 302 44 7866 2.00 64060 2.00 1207 12.43 89600 2.00 6.517 14.43 53.074 14.43 0.975 8.14 
28 H 277 40 3317 4.52 87 810 2.00 1216 12.34 98559 2.28 2.728 16.86 72.212 14.34 0.927 26.47 
29 H 292 36 4419 3.39 98522 2.00 1472 10.19 112859 2.18 3.002 13.58 66.931 12.19 0.931 22.30 
30 H 343 39 7082 2.12 81047 2.00 1593 9.42 104112 2.03 4.446 11.53 50.877 11.42 0.954 11.44 
31 H 298 42 7558 2.00 68773 2.00 1239 12.11 93305 2.00 6.100 14.11 55.507 14.11 0.973 9.10 
(32) H 347 32 17 353 2.00 80098 2.00 2110 7.11 136631 2.00 8.224 9.11 37.961 9.11 0.927 4.62 
33 H 316 36 12598 2.00 71469 2.00 1583 9.48 112416 2.00 7.958 11.48 45.148 11.48 0.957 5.67 
34 H 322 45 1701 8.82 84798 2.00 1301 11.53 90329 2.42 1.307 20.35 65.179 13.53 0.783 49.85 
(35) H 346 34 7927 2.00 100451 2.00 1951 7.69 126275 2.00 4.063 9.69 51.487 9.69 0.937 12.67 
36 C 416 59 13143 2.00 24 004 2.00 1241 12.09 67 049 2.00 10.591 14.09 19.342 14.09 0.973 1.83 
37 H 283 54 9978 2.00 37255 2.00 876 17.12 69606 2.00 11.390 19.12 42.529 19.12 0.987 3.73 
38 H 314 48 2113 7.10 76 993 2.00 1177 12.74 83860 2.42 1.795 19.84 65.415 14.74 0.863 36.44 
39 H 296 29 8029 2.00 121722 2.00 1949 7.70 147778 2.00 4.120 9.70 62.454 9.70 0.937 15.16 
(40) H 251 34 8512 2.00 89757 2.00 1312 11.43 117289 2.00 6.488 13.43 68.412 13.43 0.970 10.54 
41 H 303 29 16 045 2.00 97515 2.00 2016 7.44 149 613 2.00 7.959 9.44 48.371 9.44 0.933 6.08 
42 H 332 24 24074 2.00 113 151 2.00 2829 5.30 191491 2.00 8.510 7.30 39.997 7.30 0.875 4.70 
43 H 291 29 21863 2.00 74353 2.00 1877 7.99 145277 2.00 11.648 9.99 39.613 9.99 0.941 3.40 
44 H 303 32 13077 2.00 87105 2.00 1748 8.58 129567 2.00 7.481 10.58 49.831 10.58 0.948 6.66 
Belvis de Monroy (NIO) 
1 H 303 12 184965 2.00 7760 2.00 8172 2.00 608375 2.00 22.634 4.00 0.950 4.00 0.500 0.042 
2 H 299 12 192483 2.00 7473 2.01 8381 2.00 632 312 2.00 22.967 4.00 0.892 4.01 0.499 0.039 
3 H 299 12 175005 2.00 4903 3.06 7589 2.00 572996 2.01 23.060 4.00 0.646 5.06 0.387 0.028 
4 H 303 12 189069 2.00 10961 2.00 8392 2.00 624 899 2.00 22.530 4.00 1.306 4.00 0.500 0.058 
5 H 306 13 154309 2.00 18205 2.00 7043 2.13 519380 2.00 21.910 4.13 2.585 4.13 0.531 0.12 
6 H 323 14 126422 2.00 57 318 2.00 6708 2.24 468 441 2.00 18.846 4.24 8.545 4.24 0.556 0.45 
7 H 312 13 139838 2.00 35957 2.00 6779 2.21 490333 2.00 20.628 4.21 5.304 4.21 0.550 0.26 
8 H 313 13 169 903 2.00 20575 2.00 7938 2.00 572679 2.00 21.404 4.00 2.592 4.00 0.500 0.12 
9 H 298 12 210 146 2.00 14 511 2.00 9174 2.00 696589 2.00 22.907 4.00 1.582 4.00 0.500 0.069 
10 H 310 13 155907 2.00 23670 2.00 7273 2.06 530170 2.00 21.436 4.06 3.255 4.06 0.515 0.15 
(11) H 307 17 69244 2.00 73 131 2.00 4061 3.69 298041 2.00 17.051 5.69 18.008 5.69 0.773 1.06 
12 H 313 13 171011 2.00 26 482 2.00 8063 2.00 582174 2.00 21.209 4.00 3.284 4.00 0.500 0.15 
13 H 303 12 189846 2.00 10208 2.00 8403 2.00 626 648 2.00 22.593 4.00 1.215 4.00 0.500 0.054 
14 H 319 13 130081 2.00 63752 2.00 6890 2.18 486 657 2.00 18.880 4.18 9.253 4.18 0.542 0.49 
15 H 321 14 127755 2.00 59097 2.00 6747 2.22 474 484 2.00 18.935 4.22 8.759 4.22 0.553 0.46 
16 C 349 23 43723 2.00 71296 2.00 3318 4.52 213 766 2.00 13.178 6.52 21.488 6.52 0.836 1.63 
17 C 345 21 42373 2.00 97280 2.00 3616 4.15 235 312 2.00 11.718 6.15 26.903 6.15 0.811 2.30 
(Continues) 
Table I. (Continued) 
Age2 Error U Error Tb Error Pb Error Tb* Error Error Error 
Analysis} (Ma) (Ma) (ppm) (%) (ppm) (%) (ppm) (%) (ppm) (%) UlPb (%) TblPb (%) Corr3 Tb/U 
18 H 320 13 136276 2.00 60 568 2.00 7134 2.10 503620 2.00 19.102 4.10 8.490 4.10 0.525 0.44 
19 C 341 14 130034 2.00 57424 2.00 7278 2.06 480879 2.00 17.867 4.06 7.890 4.06 0.515 0.44 
20 C 333 13 166086 2.00 40 945 2.00 8577 2.00 581456 2.00 19.364 4.00 4.774 4.00 0.500 0.25 
21 C 323 24 32 685 2.00 88483 2.00 2799 5.36 194775 2.00 11.677 7.36 31.612 7.36 0.878 2.71 
(22) C 329 13 129920 2.00 97 676 2.00 7601 2.00 520374 2.00 17.092 4.00 12.850 4.00 0.500 0.75 
23 C 339 14 119174 2.00 82 153 2.00 7083 2.12 470 190 2.00 16.825 4.12 11.599 4.12 0.529 0.69 
(24) C 266 15 77 235 2.00 83736 2.00 3932 3.81 333822 2.00 19.643 5.81 21.296 5.81 0.784 1.08 
25 C 329 13 135399 2.00 57 641 2.00 7275 2.06 498169 2.00 18.612 4.06 7.923 4.06 0.515 0.43 
(26) C 353 15 115911 2.00 62 443 2.00 6886 2.18 440230 2.00 16.833 4.18 9.068 4.18 0.543 0.54 
27 C 328 13 148 662 2.00 64 317 2.00 7970 2.00 547 949 2.00 18.653 4.00 8.070 4.00 0.500 0.43 
(28) C 305 14 114922 2.00 49770 2.00 5721 2.62 422 993 2.00 20.088 4.62 8.700 4.62 0.632 0.43 
(29) C 297 18 75 540 2.00 40265 2.00 3752 4.00 285 431 2.00 20.133 6.00 10.732 6.00 0.800 0.53 
30 C 327 14 122026 2.00 74058 2.00 6833 2.20 471008 2.00 17.858 4.20 10.838 4.20 0.546 0.61 
31 C 340 14 114976 2.00 68526 2.00 6688 2.24 442 919 2.00 17.191 4.24 10.246 4.24 0.557 0.60 
32 H 314 13 153875 2.00 35 820 2.00 7458 2.01 535884 2.00 20.632 4.01 4.803 4.01 0.503 0.23 
33 H 320 13 158227 2.00 14768 2.00 7510 2.00 529219 2.00 21.069 4.00 1.966 4.00 0.500 0.093 
34 H 321 14 126 013 2.00 12 690 2.00 5997 2.50 422406 2.00 21.013 4.50 2.116 4.50 0.610 0.101 
35 H 321 14 129534 2.00 13307 2.00 6181 2.43 434492 2.00 20.957 4.43 2.153 4.43 0.596 0.103 
36 H 307 13 155468 2.00 22 651 2.00 7182 2.09 527634 2.00 21.647 4.09 3.154 4.09 0.522 0.15 
37 H 313 13 155301 2.00 34 155 2.00 7473 2.01 538 813 2.00 20.782 4.01 4.570 4.01 0.502 0.22 
(38) C 336 14 114796 2.00 74 918 2.00 6681 2.25 448 593 2.00 17.182 4.25 11.214 4.25 0.558 0.65 
(39) C 306 16 71 666 2.00 92 975 2.00 4424 3.39 325733 2.00 16.199 5.39 21.016 5.39 0.742 1.30 
40 C 337 15 98004 2.00 75 899 2.00 5902 2.54 394939 2.00 16.605 4.54 12.860 4.54 0.618 0.77 
41 C 322 14 112350 2.00 76 027 2.00 6308 2.38 441366 2.00 17.811 4.38 12.052 4.38 0.586 0.68 
42 C 347 14 133432 2.00 49 622 2.00 7448 2.01 484324 2.00 17.915 4.01 6.662 4.01 0.503 0.37 
43 H 306 13 158280 2.00 6560 2.29 7042 2.13 520606 2.00 22.477 4.13 0.932 4.42 0.497 0.041 
44 H 295 12 164120 2.00 7220 2.08 7056 2.13 539822 2.00 23.260 4.13 1.023 4.20 0.521 0.044 
45 H 300 12 198537 2.00 10 414 2.00 8698 2.00 654 934 2.00 22.826 4.00 1.197 4.00 0.500 0.052 
46 H 305 12 187412 2.00 17 148 2.00 8444 2.00 625770 2.00 22.195 4.00 2.031 4.00 0.500 0.091 
47 H 303 12 182314 2.00 14343 2.00 8143 2.00 606345 2.00 22.389 4.00 1.761 4.00 0.500 0.079 
48 H 306 12 183408 2.00 14395 2.00 8272 2.00 610080 2.00 22.172 4.00 1.740 4.00 0.500 0.078 
49 H 298 12 197819 2.00 7880 2.00 8584 2.00 649989 2.00 23.045 4.00 0.918 4.00 0.500 0.040 
(50) C 232 20 56 217 2.00 44 199 2.00 2320 6.47 225773 2.00 24.231 8.47 19.051 8.47 0.913 0.79 
51 C 339 20 56376 2.00 65 676 2.00 3750 4.00 249230 2.00 15.034 6.00 17.514 6.00 0.800 1.16 
(52) C 683 77 9289 2.00 21 957 2.00 1624 9.24 53 032 2.00 5.720 11.24 13.520 11.24 0.955 2.36 
53 C 311 24 45 930 2.00 43 404 2.00 2659 5.64 192634 2.00 17.273 7.64 16.323 7.64 0.888 0.95 
54 C 317 26 39736 2.00 45 502 2.00 2459 6.10 174666 2.00 16.159 8.10 18.504 8.10 0.903 1.15 
55 C 333 24 41439 2.00 65 560 2.00 2963 5.06 200 419 2.00 13.985 7.06 22.126 7.06 0.865 1.58 
56 C 354 24 36 711 2.00 79 383 2.00 3135 4.78 199049 2.00 11.710 6.78 25.322 6.78 0.851 2.16 
(57) C 332 14 122303 2.00 53 514 2.00 6645 2.26 451511 2.00 18.405 4.26 8.053 4.26 0.560 0.44 
(58) C 313 14 126120 2.00 21 738 2.00 5980 2.51 431563 2.00 21.090 4.51 3.635 4.51 0.611 0.17 
(59) C 403 20 75 088 2.00 30 984 2.00 4958 3.03 276 674 2.00 15.145 5.03 6.249 5.03 0.696 0.41 
60 C 318 15 116101 2.00 31 662 2.00 5763 2.60 409076 2.00 20.146 4.60 5.494 4.60 0.629 0.27 
61 C 322 15 108755 2.00 39700 2.00 5611 2.67 393339 2.00 19.382 4.67 7.075 4.67 0.641 0.37 
(62) C 444 69 9230 2.00 25 384 2.00 1104 13.59 55 681 2.00 8.361 15.59 22.993 15.59 0.979 2.75 
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of this plot. Thus, we have forced the regression line through 
the origin to avoid these artefacts, as proposed by Cocherie 
et al. (1998). 
Though all analyses have been included in Table 1, some 
of them have not been considered for mean age calculation 
(shown in brackets). The criteria used for excluding analyses 
have been: (1) electron microprobe total oxide amounts 
lower than 97% or higher than 103%, which are not coherent 
with monazite structural formula and (2) individual ages not 
equivalent with the average value within analytical error. 
Moreover, spots with U below detection limits (which imply 
100% UIPb 2" errors; Table 1) have not been considered for 
calculations made using the ThlPb vs. UIPb diagram. 
5. MONAZI1E GEOCHRONOLOGY 
5.1. Villar del Pedroso granite (N67) 
BSE images of monazite from this sample show crystals 
in the range 90-140 flm displaying mainly patchy zoning 
(Figure 3A), though concentric zoning is also present 
(Figure 3B). Twenty nine analyses have been performed 
on seven monazite grains. However, several of these data 
(four spots) have been removed from later calculations 
because they do not overlap the average value within 
analytical error (Figure 5A; spots 17, 28, 29, 30) (see 
selected analyses in Table 1). Mineral domains giving a 
brighter response usually show higher Th contents when 
compared with darker areas. A noteworthy characteristic 
of these monazite grains is their low, but variable, U 
concentrations (55-4171 ppm) (Table 1), which leads to very 
high and fluctuating Th/U ratios (up to 896; Figure 4A). 
However, this apparent heterogeneity might be artificial due 
to the elevated errors associated to analyses with very low 
U contents, which leads to a large uncertainty in the highest 
Th/U values. 
Figure 5B shows a histogram with the 25 analyses used to 
get an isochron age. Data give rise to a continuous range 
from 230 to 340 Ma, showing a narrow gap of � 20 Ma 
(300-320 Ma). However, this time interval is within the 
analytical error of the analyses and only one statistically 
significant event is apparent from the probability density 
plot. Moreover, the fact that the analyzed monazites do 
not show xenomorphic cores and that no distinct corre­
lation between chemistry and age exists, points to all 
grains corresponding to a single crystallization event. 
Despite the above apparent chemical heterogeneity, the 
analyses are not favourable for using the ThlPb vs. UIPb 
diagram, because the UIPb ratio is fairly low (0-3.6) so that 
no good regression line is obtained. Thus, we have used the 
more suitable isochron plot (Ph vs. Th*) of Suzuki and 
Adachi (1991), which has provided an isochron age of 
Figure 3. Back =ttew:! ekctrrn irmge. ofrep'=utive mrn.rnte grain< from the Ur<e <IJ.Jyzed .ample.. A-II: S<ntp.e N61 (VillM (\,j Pedrow). C-D: 
S<Inp.e Nlll  (Tarico). E-F: Sampk Nl 0 (BehiHk !.oonroy). Mrn.rnte. mowing cae rim texture. are rep'=rted by image. B, C.oo E, vro.er= monazite. 
in irmge. A, D ond F d<Jl1>y p�l::hy (or =",r) zming. Note that core. in 20=1 grain< C ""d E Me �.J oorroded <krnam. L=tion of the .rnlym sprts 
on these graim is ind",,\ed in udl. irmge, ""d the indi�;';u.J �g'" oown«! Me listed in the �=mponying ooxe. 
298 ± 11 Ma (MS'WD =O.56) plotling 25 analyses (Figure 5e). 
Because Pb and Th� data are relatively coocentratoo in a 
narrow range far from the origin, the regression line has 
been focced to pass through the origin with the aim of 
obtaining the most precise age. 
5.2. Torrieo granite (N 111) 
We have used seven mooazites from this sample which are 
large subhedral crystals in the range 160-275�. BSE 
images reveal mainly rim growth around previous cores, 
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but patchy zoning and homogeneous crystals are also present 
(Figure 3C-D). A total number of 44 analyses have hem 
perlorrood (nine within cores and 35 in rims and unzoooo 
crystals). Cores may be either enhOOral oc xrnornorphic, and 
they give a dark response which conelftes with lower Th 
coocrntratioo. The chemistry of the analyzoo domains display 
heterogrnoous coo/rnts both in U (-l{)()(1.-24000ppm) and Th 
(-24{)()(1.-121 000ppm) (Table 1), and the ThIU ratio is also 
qnite variable (-1.8-77; Figure 4B). The ages calculat&:! foc 
spots from the xrnomorphic cores are grnrnlily higher than 
those from the surrounding rims (Table 1), mule ooe mooazite 
without zooing gives ages similar to the rims. 
'Whrn plotting the ThIU ratio against age (Figure 4B) it 
can be sem that the irregular cores display ages higher than 
340Ma and Th/U lower than 13, whereas spots representing 
rims and homogrneous crystals exhibit younger ages and a 
variable and continuous Th/U ratio ranging from low to very 
high values (up to 77). We coosiderthat this inhomogeneous 
behaviour might indicate that xenomorphic cores likely 
represent a mooazite growth event differrnt to that 
correspooding to granite crystaliizatioo. We have selectoo 
32 analyses from rims and homogrnoous grains to get a 
mean age of granite fonnation. Spots 32, 35 and 40 have 
bem excluded because their ages do not overlap with the 
average in this group, coosidmng the analytical =0£ 
(Figure 6A). The chemical composition of selected analyses 
is suitable for using the ThIPb vs. UiTb diagram. A coherent 
regression line is obtainoo, providing an age of 303 ± 6Ma 
(MS'WD = 1.03) at the crntroid, being the intercept ages 
similar within erroc (Figure 6B). 
Sevrn analyses from mooazite cores constitute a coherent 
group regarding age (297-359Ma; within analytical error) 
and chemical compositioo (Th!U=3-15). We have calcu­
lated a weightoo average Visean age of 333 ± 18 Ma 
(MS'WD =0.95) for these analyses (Figure 6C), which might 
be an approximatioo to a previous metamorphic evrnt (see 
discussion below). Two older ages (47 1 ± 50 and 
416± 59Ma) have not hem coosidered for the above 
estimation, because they are not &:juivalent to the average 
age within analytical erroc. It is interesting to note that these 
older individual ages represent spots from the same Visean 
xrnomorphic coces. 
5.3. BeMs de Monroy granite (NIO) 
Mooazites from this salTl'le display variable size in the 
range 75-290J.UTl. BSE images show that they exhihit 
manly core-rim textures and patchy wrung, though ho­
mogrnoous grains are not uncommoo (Figure 3E-F). Cores 
show subh&:!ral to anh&:!ral shape and are always represent&:! 
by dark domains with lower U cootrnts than surrounding 
rims. Elevrn mooazite crystals were analyzoo (73 spots), pres­
rnting a cofll>Ositioo characterizoo by variable concrntratioos 
U/Pb U.Pb.g�.H2+43_34M. 
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both in Th (49CO-133 500ppm) and U (24 280-210 150ppm), 
displaying this latter elemrnt extraordinarily high coo/rnts 
(Table 1). Accordingly, a high level of Pb has hem produced, 
despite the Variscan age of the rock, and an unusually good 
p£ecisioo, generally lowu than ±20Ma, can be derived for 
each individual spot. Th/U ratios are variable and may reach 
fairly low values (0.028). 
Mooazite ovugrowtbs (rims) and homogeneoos crys­
tab from Belvfs de Momoy sample display fairly low 
ThfU ratios (0.028-0.49), which are clearly associated 
with their unusually high U coocmlraliOlls (Table I). 
These domains yield ages limiled 10 a narrow range 
(29S-323Ma). A cootrnSled behavioor can be idmlified 
in grains with patchy zoning, which exhibil slighLly olda 
ages (up It) 403 Ma; leaving aside analyS8!l with low 
lOlIlI. oxide amoouts) and higher ThIU raLios (0.17�5.5) 
(Figure 4C). A few analyses from xenomorphic cores 
perfectly overlap data from grains wilh paldty ZOIling. 
We consider that these differences imply thal igneoos 
monazite related to granite crystallization is litely lO be 
associated It) rims and homogeneous: grains, whereas 
crystals with patchy zoning might be relaled lO a previ­
ous metamoiphic episode (see discussion). Accordingly, 
spots from magmatic monazite (29 s:pots) have been 
coosidered s:eparately from analyses of xenomoiphic 
metamorphic grains (44 spots) for mean age calculatioo. 
We have selected a total number of 28 analyses as the 
most probable spots representing the age of magma crys­
tallizatioo (Table 1). Only spot 11 have been rejected due 
to its low total oxide amount. The predominance of anal­
yses with very high UIPb and low ThlPb ratios makes the 
ThIPb vs. UIPb diagram inapproprial.e for averaged age 
calculaLion, because a poorly defined slope of the regres­
Slon line is Obtained. On Ihe contrary, a wkler variability 
appears in the Th 1" U values, so we have used for this 
sample the isochron plot of Suzuki and Adachi (1991) 
(Pb vs. Th-). The regression line har rem forced through 
the origin becaU! .. e all data plot in a field of high Pb and 
Th- values (Figure 7 A). A fairly precise isochroo age of 
314 ± 3 Ma (MSWD,. 1.(9) results as a ooUSllqumce of low 
lndividual errors. 
Sevenleen analyses representing xenomorphic cores or 
monazites with patchy zoning have been excluded from 
age calculation due to their low lotal oxide amounl (spots 
22, 28, 29, 38, 52, 57, 62, 70, 72) or individual ages which 
do not overlap the average age within analytical error 
(spots 24, 26, 39, SO, 58, 59, 63, 65) (Figure 78). The 
remaining analyses display a chemical vllriation, which 
makes them iavoUTable for using the ThIPb vs:. UIPb 
diagram. However, wee spot� wilh U below detectioo 
limits (68, 69, 73) have also been excluded due 10 the ex­
tremely high UIPb 2u errors (100%). A coherent regressioo 
line is obtained for a total of 24 analyses, providing an 
age of 3 3 3 ± 5 M a  (MSWD= 1.7) al the centroid, being 
the intercept age� similar within error (Figure 7C). The 
interpretation of this age is discussed below. 
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6. DISCUSSION 
6.1. Inherited monazite: chemical and textural criteria 
Monazite from the analyzed MTB granites displays a com­
plex internal structure including various zoning patterns, 
but also unzoned grains of uniform chemical composition 
(Figure 3). Similar features have been extensively reported 
in metamorphic (e.g. Ayers et al., 1999; Zhu and O'Nions, 
1999; Cocherie et al., 2005; Pyle et aI., 2005) and igneous 
(e.g. Poitrasson et al., 1996; Fitzsimons et aI., 1997; Hawkins 
and Bowring, 1997; Be Mezeme et aI., 2006) monazites, 
which allow the recognition of different domains with distinct 
chemical and age characteristics, indicative of several mona­
zite growth events. 
Most crystals with core-rim textures from samples N111  
(Torrico) and N10 (Belvis de Momoy) show xenomorphic 
cores which record older ages and a distinct chemical composi­
tion when compared with the surrounding rims. These cores 
nonnally display less vatiable Th/U ratios, whereas over­
growths and homogeneous crystals with heterogeneous 1h/U 
values yield ages lower than -330-340Ma (Figure 4B--(;). 
Such a contrast in chemical composition is not obvious in 
sample N67 (Villar del Pedroso). The age difference between 
cores and rims is usually lower than -50 Ma, which is a devia­
tion below the precision of monazite dating by EPMA (e.g. 
Cocherie and Albarede, 2001). However, we consider that 
monazite texture and chemical data put together are indicative 
of a polygenetic origin and that older monazite grains have 
been preserved in the felsic magma. We have used these 
textural and chemical criteria to group the analyses from each 
sample (except N67) in two different homogeneous clusters: 
(1) rims (overgrowths) and homogeneous crystals, and (2) 
xenomorphic cores and monazites with patchy zoning. 
The weighted average age calculated for a scarce number 
of anhedral cores from sample N1 1 1  (333 ± 1 8  Ma) can only 
be considered as a broad approximation to a monazite 
growth episode which occurred less than 50 Ma before 
granite melt generation (taking into account the analytical 
uncertainty). Nonetheless, it is notable the similarity of this 
data with the more robust age of 333 ± 5 Ma extracted from 
equivalent monazites of sample NIO. This Visean event 
must be associated to the Variscan metamorphism and the 
xenomorphic cores (and crystals with patchy zoning) are 
likely relicts from the metamorphic wall rock. It is worth 
noting that some individual analyses (five spots) from 
the corroded cores yielded ages from 402 to 683 Ma. We 
interpret these old ages as remnants of pre-Variscan meta­
sediments. Intense metamorphism during the Variscan 
collision probably led to the replacement of the initial 
grains. Episodic growth and replacement have been 
proposed as processes responsible for concentric zoning 
in monazites from metamorphic rocks (e.g. Zhu and 
O'Nions, 1999). Moreover, patchy (or sector) zoning, which 
does not necessatily imply age zoning (Williams et aI., 1999), 
is a typical texture of monazites from high-grade regions (e.g. 
DeWolf et aI., 1993; Hawkins and Bowring 1997; Zhu et aI., 
1997), where metamorphism is capable of erasing pre-existing 
zoning and resetting the U-Th-Pb isotopic systems (Ayers 
et aI., 1999). 
Available geochronology studies based on U-Pb zircon 
dating of anatectic leucogranites in the Anatectic Complex 
of Toledo (ACT) (eastern MTB) provide a poorly con­
strained age of migmatization: 3 1 1  Ma (Barbero and Rogers, 
1999), 317 Ma (Castifieiras et aI., 2008) and 332 Ma (Bea 
et aI., 2006). Other approaches to the age of metamorphism 
in the Central Iberian Zone are based on monazite U-Pb 
dating of metasedimentary and metaigneous rocks from the 
Spanish Central System (Escuder-Viruete et al., 1998) and 
the Gneissic Tormes Dome (Valverde-Vaquero et aI., 1995), 
both areas located to the north of the MTB (Figure lA). These 
works establish a main D2 deformation phase associated to 
important regional extensional structures, with the age 
constrained to a range of 337-326 Ma. Our calculated ages 
on inherited monazites partly resemble those of the latter 
studies (Figure 8). We think that the 333 Ma age might be 
considered an approximation to the age of the main metamor­
phic event in the outcropping Schist Greywacke Formation. 
The ages recorded in the ACT by Barbero and Rogers 
(1999) and Castifieiras et al. (2008) (31 1-317 Ma) imply 
younger peak conditions. This apparent discrepancy is likely 
due to the higher metamorphic grade recorded by the 
migmatitic leucogranites (800-850"C, 4-6kbar; Barbero, 
1995). Important differences (10-40 Ma) in attaining the peak 
metamorphic conditions at different crustal levels are typical 
of homogeneous crustal thickening models in collisional 
orogens (e.g. Spear, 1993). However, a detailed discussion 
of the metamorphic ages would be spurious, because we do 
not have information regarding either the relationship between 
the analyzed xenocrystic monazites and the metamorphic 
fabrics of the protolith, nor geochronology data of outcropping 
granite wall-rocks. 
On the other hand, the possible age overlapping be­
tween melt generation in the Anatectic Complex of Toledo 
(31 1-317 Ma, Barbero and Rogers, 1999; Castifieiras et aI., 
2008) and granite intrusion in the MTB, should not be 
considered as contradictory. The migmatitic complex is a 
high-grade area with pre-Cambrian metamorphic rocks 
equilibrated at intermediate-P granulite facies conditions 
(Barbero, 1995), and is separated from greenschist-facies 
Lower Palaeozoic metasediments, and the intruding post­
kinematic granites, by an important ductile-brittle shear 
zone. This east-west extensional fracture cross-cuts the 
main metamorphic structures of the anatectic complex, 
and displays a low- to medium-grade mineral paragenesis 
(Hernandez Emile, 1991). Deformation features in the 
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northern part of the Moca-Las Ventas plutoo (in the cootact 
with the shear zooe) point to granite emplacement being re­
lat&:! to the latest movemmts of this fracture (Barbero et al., 
2005). FurthemlO£e, the fact that the MTB intrusioos coofigure 
an E-W array suggests a tectooiccontrol of granite generatioo 
and emplacement in this regioo. Accordingly, melting in the 
Aa occurred priorto post-tectooic MTB felsic magma gener­
atioo and atcrustal levels lower than the plutoos emplacement 
depth. The exhumatioo of these high-grade rocks likely 
result&:! from the involvement of late orogrnic extensional 
structures, such as the ooe describOO above. The relatively 
youngercrystallizatioo ages of Villardel P&:!roso and Tarrico 
granites (303-298 Ma), when cCllTl'ared with the age of 
migmatizatioo in the Aa, are in accordance with diachrooism 
in the attainment of met:morphic peak cooditioos at the middle 
and lower crust Equivalent age differrnces have hem found in 
the Spanish Central System betwern outcropping migmatites 
(337-330Ma; Bea et al., 2006; Castiiieiras et al., 2008) 
and Variscan granites derived from lower crustal levels 
(-305-298 Ma; Orejana et al., unpublish&:! results). Ourresults 
also support that anatexis in the lower crust was probably a late 
Variscan event occurring during the exhumatioo of metamoc­
phic core C<:JITl'lexes (Barbero, 1995; Castiiieiras et al., 2008). 
6.2. Age of the MTB magmatism 
In recent years several works have tri&:! to detmnine the 
age of intrusion of the abundant felsic magmatism which 
characterizes the illller zooe of the Variscan Iberian Belt, 
mainly the Central Iberian Zone (OZ), from NW Spain­
northern Portugal to central Spain (e.g. Dias et aI., 1998; 
Femfudez-Su�rez et al., 2000; Bea et aI., 2006; Zeck et aI., 
2007; Antunes et aI., 2008; Neiva et aI., 2009; SoJa et aI., 
2009; Dfaz-Alvarado et al., 2011; OrejiIla et al., unpublish&:! 
results). These investigatioos are bas&:! 00 U-Pb geochfOllol­
ogy of zircoo crystals analyz&:! by microanalytical techniques 
(SHRlMP oc laser abl�oo ICP-MS), together with other clas­
sical methods (e.g. TIMS). Their results clearly coostrain !re 
occurrrnce of this widespread magm�c event, which was 
initially studi&:! using mainly K-Ar oc Rb--Sr isochroo meth­
ods (either 00 whole-rock oc mineral separates), resulting in 
p{)()£ly reliable data (e.g. Serrano Pinto et al., 1987, and refer­
ences therein). ForexatTl'le, large granitic intrusioos from the 
Spanish Central System batholith were coosider&:! to repre­
sent a wide time span from 327 to 284Ma (e.g. Villaseca 
et al., 1998; Bea et al., 1999), whereas they are currently 
coofin&:! to -308-297 Ma (Zeck et aI., 2007; Dfaz-Alvarado 
et aI., 2011; Orejana et al., unpublish&:! results). 
Within central Spain, the only granite region which lacks 
precise geochronology studies is the Montes de Toledo 
batholith. The only attempt to date this Variscan felsic intrusions 
is a whole-rock Rb-Sr isochron obtained from a post-orogenic 
granitic pluton emplaced in the eastern Montes de Toledo 
(Mora-Las Ventas intrusion, 320 ± 8 Ma; Andonaegni, 1990). 
Data from the present work constitute the first geochronology 
study on granitic bodies from the western MIB sector. 
The three mean ages extracted from homogeneous mona­
zite domains (unzoned grains and overgrowths) of Villar del 
Pedroso, Torrico and Belvis de Monroy saruples (298 ± 1 1 ,  
303 ± 6 and 3 1 4  ± 3 Ma, respectively), contrast markedly 
with the previous age obtained for the Mora-Las Ventas 
granite. Since this intrusion is clearly post-orogenic and the 
age of 320 Ma would imply a syn-tectonic character, we 
consider that the Rb-Sr isochron of Andonaegui (1990) is an 
imprecise data which do not likely represent the real granite 
intrusion age. Thus, we do not favour the idea of diachronism 
in the late Variscan magmatism between the eastern and 
western MTB sectors. Taking into account the above 
data, two magmaric pulses might be envisaged: (1) a first 
pulse about 314Ma, represented by the Belvis de Monroy 
leucogranite, and (2) a second pulse at the end of the Carbon­
iferous (-303-298 Ma), represented by the Villar del Pedroso 
and Torrieo intrusions. However, this distinction should be 
taken with caution, due to the small number of granitic bodies 
considered in the present study and the analytical errors. 
Further geochronology studies, involving a larger number of 
pIutons, are needed to better constrain this issue. 
The age of the last ductile Variscan defonnation phase in 
the Central Iberian Zone has been constrained in several 
works focused on the age of intrusion of syn-tectonic 
granites from northwestern Iberian Peninsula, leading to an 
initial range from 325 to 313 Ma (e.g. Dias et al., 1998; 
Fernandez-Swirez et al., 2000). More recent U-Pb zircon 
geochronology studies on syn-D3 granites from the ClZ 
(from western to central Spain) have reported ages younger 
than previously proposed for this deformation phase (up to 
310-308 Ma; Valle Aguado et al., 2005; Carracedo et aI., 
2009). According to these data, the calculated mean ages 
of the Torrico and Villar del Pedroso saruples allow a classi­
fication of these intrusions as post-tectonic with respect to 
the last Variscan ductile deformation phase. A clear similar­
ity in the age of emplacement exists between both plutons 
and other late- to post-D3 felsic intrusions from western 
ClZ (e.g. Valle Aguado et al., 2005; Sola et al., 2009), 
southern ClZ (Carracedo et al., 2005), and the nearby 
Spanish Central System region (e.g. Zeck et al., 2007; 
Diaz-Alvarado et al., 201 1 ;  Orejana et aI., unpublished 
results), which are mainly concentrated in the range 
309-297 Ma (Figure 8). On the other hand, the Belvis de 
Monroy granite, which displays an heterogeneous foliation, 
yields an age overlapping the above range for the D3 event 
(Figure 8). Accordingly, this intrusion should be considered 
as syn- to late-tectonic with respect to the D3 deformation 
phase. 
The age of felsic Variscan magmatism in the MTB is in 
accordance with the recently raised possibility that the 
emplacement ofVariscan post-tectonic magmas from central 
Spain occurred in a shorter time period than previously 
thought, at the end of Carboniferous and Early Permian 
(e.g. Orejana et al., unpublished results). Moreover, the re­
cent geochronological data on syn- and late-D3 felsic 
intrusions of the Central Iberian Zone indicate that these 
magmas, though locally emplaced in successive magmatic 
events, are separated by a short, virtually non-existent, time 
span if considered in the context of the whole Central Iberian 
Zone (Figure 8; e.g. Valle Aguado et aI., 2005; Carracedo 
et al., 2009). Diachronism of defonnation within this exten­
sive geological unit could explain the overlapping in the age 
of emplacement of syn- and post-D3 intrusions (Figure 8). 
It is also interesting to note that the available studies on the 
geochronology of Variscan magmatism in the Iberian Massif 
seem to indicate that almost all granites in central and southern 
Spain were emplaced latter than 315 Ma. On the contrary, felsic 
Variscan magmas from western and north-western Iberian 
Peninsula have intruded in a wider time period (325-285 Ma; 
e.g. Fernandez-Swirez et aI., 2000). Orejanaet aI., unpublished 
results have noted that two age peaks of magmatic activity 
can be described in the Central Iberian Zone: 320 and 
308 Ma, the latter being the most abundant. A possible impli­
cation of the above differences would be the occurrence of 
some kind of change in the geodynamic setting by approxi­
mately 315 Ma, which resulted in the generalized emplacement 
of late- to post-kinematic felsic magruas in the whole Central 
Ibetian Zone. The recent comparison made by Orejana et al. 
between ages of post-tectonic granites in the Central Iberian 
Zone and those from other western Variscan European massifs, 
also points to a geodynamic change in the western European 
Variscan Belt at the end of Carboniferous, which led to the 
coeval development of a global and protracted felsic magrua­
tism in the Variscan orogen. 
7.  CONCLUSIONS 
The detailed study of zoning textures, chemical composition 
and individual ages of monazites from three granitic plutons 
of the Montes de Toledo Batholith, analyzed with an elec­
tron microprobe, has allowed the grouping of analyses in 
different homogeneous clusters. U-Th-Pb chemical dating 
of these mineral domains have provided the mean age of 
crystallization of the three granitic intrusions (298 ± 1 1 ,  
303 ± 6 and 314 ± 3 Ma). These data point to two main 
magmaric pulses in the western MTB, the first about 314 Ma 
and the second at the end of the Carboniferous (303-298 Ma). 
The intrusion age of the Belvis de Monroy leucogranite 
(3l4 Ma) would imply a syn- to late-tectonic character, also 
corroborated by the concordant orientation between its internal 
deformation structures and coeval tectonic structures in the out­
cropping metamorphic rocks. By contrast, the post-tectonic 
features of the Villar del Pedroso and Torrico plutons are in ac­
cordance with their younger crystallization ages (303-298 Ma). 
These data are in agreement with a short time span for the 
intrusion of post-tectonic Variscan magmas in central Spain. 
Preservation of older monazite domains either as corroded 
cores or domains with patchy zoning in two samples, 
accounts for pre-magmatic monazite crystallization events. 
Two average ages of 333 ± 1 8  and 333 ± 5 Ma obtained 
from the Torrieo and Belvis de Monroy granites, respectively, 
likely represent equivalent metamorphic ages extracted from 
inherited monazites of the Schist Greywacke Formation. 
Their similatity with the Visean age of metamorphism 
established in other sectors of central Spain (-332 Ma) 
relates our data to the Variscan D2 ductile deformation 
phase. 
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